Reconstructing /(T)-gravity from the 
polytropic and different Chaplygin gas dark 

energy models 

(N ' 

g^i K. Karami 1 ' 2 *, A. Abdolmaleki^ 

^Department of Physics, University of Kurdistan, Pasdaran St., Sanandaj, Iran 

00 ' 2 

Research Institute for Astronomy &; Astrophysics of Maragha (RIAAM), Maragha, Iran 

September 21, 2010 

pur 
i 

^ . Abstract 

• ■ Motivated by a recent work of us [1], we reconstruct the different /(T)-gravity 

£>y models corresponding to a set of dark energy scenarios containing the polytropic, 

the standard Chaplygin, the generalized Chaplygin and the modified Chaplygin gas 
models. We also derive the equation of state parameter of the selected /(T)-gravity 
models and obtain the necessary conditions for crossing the phantom-divide line. 
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1 Friedmann equations in the f(T) theory 



In the framework of /(T)-gravity, the Friedmann equations in the flat spatial Friedmann- 
Robertson- Walker (FRW) universe are given by [1, 2, 3, 4, 5, 6, 7] 



2 H 2 = p + p T , (1) 



where 



3 
k 

l(2ij + 3tf 2 ) = -(p + p T ), (2) 

p T = -L(2T/ T -/-T), (3) 
Pt = -^[-8HTf TT + (2T - 4H)f T -f + AH-T], (4) 



with 



T = -6H 2 . (5) 

Here k 2 = 8nG, H — a/a is the Hubble parameter, p and p are the total energy density 
and pressure of the matter inside the universe. Also px and pt are the energy density and 
pressure due to the contribution of the torsion scalar T. Furthermore, in fa and Jtt the 
subscript T denotes a derivative with respect to T. Note that if f(T) = T then Eqs. (1) 
and (2) transform to the usual Friedmann equations in Einstein general relativity (GR). 
The energy conservation laws are 

p + 3H(p + p) = 0, (6) 

p T + 3H(p T + p T ) = 0. (7) 
The equation of state (EoS) parameter due to the torsion contribution is defined as [1, 4] 

p T 1 , 8HTfTT + 4Hf T -AH 

u T = — = -l + -^7 7 — 7f • (8) 

p T 2T/ t - f - T 

For a given a = a(t), by the help of Eqs. (3) and (4) one can reconstruct the f(T)- 
gravity according to any dark energy (DE) model given by the EoS Pt = Pt(Pt) or 
Pt = Pt{o)- 

Here we assume a pole-like phantom scale factor as [8] 

a(t) = a (t s - ty h , t<t s , h>0. (9) 
Using Eqs. (5) and (9) one can obtain 

U h 

T = -^ ( 10 ) 

From Eqs. (9) and (10) the scale factor a can be rewritten in terms of T as 

T 



T ~ 

a = a o( - -r?) • (11) 
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2 Polytropic /(T)-gravity model 

Here like [1] we reconstruct the /(T)-gravity from the polytropic gas DE model. Following 
[9], the EoS of the polytropic gas is given by 



Pa = Kp A n , 



[12) 



where if is a positive constant and n is the polytropic index. Using Eq. (7) the energy 
density evolves as 

(13) 



Pa = (Ba n — K^j 



where B is a positive integration constant [9]. 
Replacing Eq. (11) into (13) yields 



where 



-3h 
2n 



a = Ba$ (-6/* 2 ) ' 

Equating (3) with (14), i.e. pr = Pa, we obtain the following differential equation 



2Tf T - f -T -2k 2 (oTn - Kj 



0. 



Solving Eq. (16) gives 



(14) 
(15) 

(16) 
(17) 



where 2 -Pi denotes the first hypergeometric function. Replacing Eq. (17) into (8) one can 
obtain the EoS parameter of torsion contribution as 



ojt = — 1 



1 



-T^-l 



h > 0. 



(18) 



Using Eqs. (5) and (15), the above relation can be rewritten as 

1 



Ut = —1 



h>0. 



K 
B 



a 



(19) 



- 1 



We see that for 



universe. 



K 



«0 (f)' 



> 1, cut < — 1 which corresponds to a phantom accelerating 
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3 Standard Chaplygin /(T)- gravity model 

The EoS of the standard Chaplygin gas (SCG) DE is given by [10] 



A 

Pa = , 

Pa 



(20) 



where A is a positive constant. Inserting the above EoS into the energy conservation 
equation (7), leads to a density evolving as [10] 



(21) 



where B is an integration constant. 

Inserting Eq. (11) into (21) one can get 



PA 



= ^A + aT~ 3h , 



where 



3h 



a = Ba -\-QK z y 
Equating (22) with (3) one can obtain 

2T/ T -f-T- 2k 2 ^A + aT~ 
Solving the differential equation (24) yields 



Replacing Eq. (25) into (8) one can get 

U>T = — 1 + 



, h > 0. 



-T 3?i + 1 

a 

Using Eqs. (5) and (23), the above relation can be rewritten as 



(22) 
(23) 

(24) 
(25) 

(26) 



Ut = — 1 + 



A 
B 



«0(f 



, h > 0, 



(27) 



+ 1 



which for B < and ^ 



a 



(*)*' 



> 1 then ut can cross the phantom-divide line. 



4 Generalized Chaplygin /(T)-gravity model 

The EoS of the Generalized Chaplygin Gas (GCG) DE model is given by [11] 



PA = 

Pa 



(28) 



where a is a constant in the range < a < 1 (the SCG corresponds to the case a = 1) 
and A a positive constant. Using Eq. (7), the GCG energy density evolves as [11] 



B \ i+« 



(29) 



where B is an integration constant. 

Substituting Eq. (11) into (29) one can get 



l + a 



where 



7 = Ba ~ 



(30) 
(31) 



Equating (30) with (3) gives 

2Tf T - f - T - 2k 2 (A + 7 T^ Hl+a) ) ^ = 0. (32) 
Solving Eq. (32) yields 

!(T) = 8T^ + T - * (^- y TT L; 1 + -It****) ,(33) 

Replacing Eq. (33) into (8) gives the EoS parameter as 



ojt = — 1 + 



1 



Arp±h{l+a) + i 



, h>0, < a < 1, 



(34) 



Using Eqs. (5) and (31), the above relation can be rewritten as 

1 



cot = — 1 + 



A 
B 



which for B < and ^ 



«o(f)" 

3(l+a) 



3(l+a) 



-, h>0, < a < 1, 



(35) 



+ 1 



> 1 then ojt can cross the phantom-divide line. 



5 Modified Chaplygin /(T)-gravity model 

The EoS of the modified Chaplygin gas (MCG) DE model is given by [12] 

B 

p A = Ap A - — , 
Pa 



(36) 



where A and -B are positive constants and < a < 1. Using Eq. (7), the MCG energy 
density evolves as [12] 



Pa 



B 



+ 



C 



l + A a 3 ( 1+a )( 1+A ) 



l + a 



(37) 
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where C is an integration constant. 
Replacing Eq. (11) into (37) yields 

PA=( T f J + lT^^) Th } (38) 

where 

7 = Ca - 3(1+a)(1+A) (-6/. 2 ) |Ml+Q)(1+A) . (39) 
Equating (30) with (3) gives 

2Tf T -f-T-2k 2 (y^J + 7 ^ = 0. (40) 

Solving Eq. (40) yields 

i 

f(T)= (5T 1 ' 2 + T -2k 2 (j B 1 ' 



x 2 K ( - — -1 + - . -1(1 + A) =* h(1+a)il+A) \ 

21 \3h{l + a){l + A) , l + a , 3h{l + a){l + A) , B ) K } 

Replacing Eq. (41) into (8) one can obtain the EoS parameter of torsion contribution as 

A+l 

w T = -1 + —s 377^ — rr, — t; , h > 0, < a < 1, 42 

7 (1+A) J 

and using Eqs. (5) and (39), it can be rewritten as 

A + l 



ut = —1 + 



C{l+A) 



which for C < and | C |(f +A ) 
divide line. 



«o(f) 



h -i 3(l+a)(l+A) 

+ 1 



, /i > 0, < a < 1, (43) 



3(l+a)(l+A) 

> 1 then cuy can cross the phantom- 



6 Conclusions 

Here we considered the polytropic gas, the SCG, the GCG and the MCG models of the 
DE. We reconstructed the different theories of modified gravity based on the f(T) action 
in the spatially-flat FRW universe and according to the selected DE models. We also ob- 
tained the EoS parameter of the polytropic, standard Chaplygin, generalized Chaplygin 
and modified Chaplygin /(T)-gravity scenarios. We showed that crossing the phantom- 
divide line can occur when the constant parameters of the models to be chosen properly. 
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